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Description

[0001] Theinventionrelatestoalaserdevice foroptical
packet data transmission in burst mode systems and to
an optical transmitter in such a system.

[0002] Such laser devices and optical transmitters are
basically known in the art. In particular, known laser de-
vices comprise a laser light source for outputting a laser
light beam and a laser driver for driving said laser light
source. The known laser devices further comprise a
packet data source for outputting a packet data stream.
Moreover, they comprise a filter means for generating an
envelope signal of the data packets in the packet data
stream and switching means for switching the laser driver
in response to the envelope signal.

[0003] The laser devices presently available on the
market, suffer from the disadvantage that they are not
able to completely close their light output even if they are
driven by a shut-off signal, for example represented by
a logical zero. This is because they only have a low ex-
tinction ratio. Consequently, there remains a residual
light which is output by the laser devices, for example
onto an optical fiber, even if an logical zero shall be trans-
mitted.

[0004] If only one of these laser devices is provided in
a telecommunication system, that residual light does not
cause any difficulties in correctly detecting the transmit-
ted logical value, in particular a logical zero, because a
threshold value for detecting the transmitted logical zero
might be adapted appropriately.

[0005] However, in dense wavelength division multi-
plex DWDM-systems being operated in a burst mode, a
plurality of laser devices operate at the same wavelength
and they all transmit the modulated laser beam via the
same channel. Consequently, on the channel the outputs
of all of said laser devices, more exactly of said optical
modulator means are summed up. Thus, there occurs
the problem, that if quite a lot of said laser devices or
modulator means output said residual light, representing
a logical zero, simultaneously, these residual lights are
summed up on the channel and might be wrongly detect-
ed as logical "1" by a receiver receiving said laser beam.
[0006] FromUS 6,590,686 alaser transmitter is known
comprising a laser diode and a monitoring detector gen-
erating a feed-back signal upon monitoring the power of
a part of the optical signal generated by the laser diode.
The laser transmitter further comprises a control unit sup-
plying a controlled drive current so that the power detect-
ed by the power monitor becomes constant. However,
the known laser transmitters does not allow to guarantee
that no residual light will be emitted from the laser trans-
mitter, it no data packet has to be transmitted.

[0007] A further laser transmitter is known from EP O
683553 A2, comprising alaser lightsource, alaser driver,
and adata source. The data source provides a data signal
to a first generator and a cell envelope signal to a second
generator. The second generator is switched on and off
according to the envelope signal. To control the peak
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power of the known laser transmitter, a monitoring de-
tector is provided, which generates an actual peak power
signal upon an averaged processing of acquired data.
The actual peak power signal is amplified and fed to a
peak power control circuit. The peak power control circuit
then generates a threshold value upon comparing the
actual peak power signal with a predefined reference val-
ue. The threshold value is fed to the second generator,
taking effect only if the second generator is activated by
the envelope signal. This laser transmitter is only com-
pletely switched off during a so called guard time, wherein
the guard time is necessary to synchronize data trans-
mission of ATM (asynchronous transfer mode) cells.
Thus, if a plurality of the known laser transmitters operate
at the same wavelength and they all transmit the laser
beam via the same channel, the problem of misinterpret-
ing a sum of logical "0"s as being a logical "1" due to the
residual lights still exist. Furthermore, this know laser
transmitter is based on a highly complex design which
could only be realized at high costs.

[0008] Starting from that prior art, it is the object of the
invention to improve a known laser device and optical
transmitter for optical packet data transmission in TDM-
systems such that a sufficient high extinction ratio can
be achieved.

[0009] That object is solved by the subject matter of
claim 1. In particular, the laser device described above
is characterized according to the invention by a an optical
modulator means for receiving and modulating the laser
light beam output by the laser light source. The laser
device is further characterized by a modulator driver for
receiving the packet data stream output by the packet
data source and for driving the optical modulator means
in response to said packet data stream resulting in that
the optical modulator means modulates the laser beam
in response to said packet data stream

[0010] Advantageously, according to the invention the
laser source is switched on and off in response to the
envelope signal of the data packets of said data stream.
In particular, it is switched on when a packet shall be
transmitted and it is switched off if no packet is transmit-
ted. Because of the specific architecture of the laser de-
vice according to the invention, in particular because of
the switching of said laser source a definite switching of
the laser beam is achieved. If the laser light source is
switched off it does - in contrast to an optical modulator
means - definitely not emit any residual laser light. Con-
sequently, in that case also the downstream optical mod-
ulator means does not emit any residual laser light in that
case. Thus, even in the case that for example in a burst
mode system a plurality of laser devices are connected
to the same channel and are switched off simultaneously
there will not occur an undesired logical level on the chan-
nel caused by a superposition or a summing up of resid-
ual lights. Expressed in other words: the extinction ratio
of the laser device according to the invention and in par-
ticular of the optical modulator is sufficient high enough,
even for being used in burst mode systems.
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[0011] According to a preferred embodiment, instead
of gaps filler patterns are provided between packet data
in the packet data stream. These filler patterns are pro-
vided for making sure that a constant component of the
data stream does not vary over the time, in particular not
over different time slots. Because said constant compo-
nent is kept constant, it does not transmit any information
and consequently there is no need that said constant
component is transmitted correctly. Thus, available low-
priced modulator drivers might be used within said laser
device, even if they are not able to keep said constant
component constant during transmission.

[0012] It is further advantageous to embody the laser
light source as a dual power consuming unit comprising
at least two power consuming elements and to embody
the laser driver as differential driver for driving both ele-
ments in a complementary manner in response to the
envelope signal. Thisis advantageous, because the laser
light source suffers from thermal expansion, if it is
switched on and from thermal concentration, if it is
switched off. Said fluctuations of the thermal expansion
cause a proportional variation of the distance between
two opposing mirrors within the laser light source and
thus causing variations in the wavelength of the laser
light emitted by said laser light source because the dis-
tance of said opposing mirrors is responsible for said
wavelength. Variations in the wavelength cause prob-
lems in the correct detection of a transmitted signal, in
particular in wavelength multiplex systems where a plu-
rality of laser devices transmit in particular packet data
streams modulated onto different carrier frequencies
(wavelengths)via the same channel. However, due to the
described embodiment of the laser light source as dual
power consuming unit, that disadvantages of varying
thermal expansion and varying wavelengths can be
avoided. The laser frequency becomes stable within a
time scale compatible with the optical packet duration.
[0013] The above identified object is further solved by
an optical transmitter for the claimed laser device. The
advantages of said solutions correspond to the advan-
tages mentioned above referring to the claimed laser de-
vice.

[0014] The description is accompanied by five figures,

wherein

Figure 1 shows a first embodiment of the laser de-
vice according to the inventions;

Figure 2a  shows a packet data stream including filler
patterns as output by a packet data source;

Figure 2b  shows a data packet;

Figure 2c  shows an envelope signal covering said da-
ta packet;

Figure 3 shows a second embodiment of the laser

device according to the invention;

10

15

20

25

30

35

40

45

50

55

Figure 4 shows a third embodiment of the laser de-
vice according to the invention; and

Figure 5 shows an optical transmitter according to
the invention.

[0015] In the following the invention is described in

more detail by referring to the above identified figures.
First embodiment

[0016] Figure 1 shows a first embodiment of the laser
device 100 for optical packet data transmissionina TDM-
system, in particular in a DWDM-system according to the
invention. Said laser device comprises a laser light
source 130 for outputting a laser light beam and a laser
driver 120 for driving said laser light source 130. The
laser device 100 further comprises an optical modulator
means 140 for receiving and modulating the laser light
beam output by said laser light source 130. The optical
modulator means 140 might be connected to an optical
fiber 160 and may output the modulated laser light beam
onto said fiber.

[0017] Thelaserdevice 100 further comprises apacket
data source 110 for outputting a packet data stream as
shown in Figure 2a). The two vertical lines 11, 12 in Figure
2 represent the limits of one time slot; within said time
slot the packet data stream comprises a data packet dp
as shown in Figure 2b.

[0018] The laser device 100, preferably the packet da-
tasource 110 comprises afilter means 112 for generating
an envelope signal as shown in Figure 2c of the data
packets dp in said packet data stream. Moreover it com-
prises a switching means 114 for switching the laser driv-
er 120 in response to said envelope signal. When switch-
ing the laser driver 120 in response to said envelope sig-
nal, the laser light source 130 is also switched by the
laser driver 130 in response to said envelope signal. Said
envelope signal represents an enabling signal for the la-
ser light source. In the case that the laser light source
130 is enabled, the laser light beam, output by said laser
light source, has a constant high intensity. To the con-
trary, if the laser light source is disabled by said envelope
signal, it does output no light at all. Consequently, even
in burst mode systems where a plurality of laser devices
and in particular laser light sources transmit laser light
beams of anidentical wavelength over the same channel,
no misinterpretation of the information carried by the la-
ser light beams is possible during time slots in which most
or all the laser devices are disabled.

[0019] Referring back to Figure 1 the laser device fur-
ther comprises a modulator driver 150 for receiving said
packet data stream according to figure 2a output by said
packet data source 110 and for driving or controlling said
optical modulator means 140 in response to said packet
data stream. This is done in order to enable the optical
modulator means 140 to modulate the laser light beam
in response to said packet data stream when the laser
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light source is switched on according to said envelope
signal.

[0020] The data packet dp within one time slot as
shown in Figure 2b has a constant component which
does not vary within said time slot. However, typically a
data stream does not only comprise time slots having
data packets but also comprises an undefined or arbitrary
number of gaps between each data packet. Due to said
arbitrary number of gaps between said data packets with-
in the data stream, the constant component of the data
stream varies over the time. In order to avoid this, filler
patterns fp preferably having an identical constant com-
ponent like the data packets are provided instead of the
gaps between data packets. Such filler patterns fp are
shown in Figure 2a on the right hand side and on the left
hand side of the shown time slot comprising the data
packet. Due to this, the data stream shown in Figure 2a
has a constant component which does not vary over the
time. The amount of said constant component is unre-
markable and may be ignored because it does not com-
prise any information. Thus, the modulator driver 150
must not be embodied to transmit said constant compo-
nent correctly. This is schematically indicated by the ca-
pacitor 155 provided between the packet data source
110 and the modulator driver 150. The filler patterns are
not modulated by the optical modulator means 140 onto
said optical fiber 160, because at the times when they
occur in the data stream signal, the laser light source 130
is disabled by said envelope signal.

Second embodiment

[0021] The laser device according to the first embod-
iment suffers from fluctuations of the thermal expansion
of the laser light source 130. These fluctuations are
caused by the fact that the laser light source is switched
on and off in response to the envelope signal. When it is
switched on, its thermal consumption and its thermal ex-
pansion are high, whereas during the time when it is
switched off it is cooled down and suffers a thermal con-
centration. The resulting thermal fluctuations cause pro-
portional variations in the wavelength of the laser light
beam output by said laser light source, because the dis-
tance between two opposing mirrors within said laser
light source 130 responsible for the wavelength varies
accordingly. These variations in the wavelength mean
variations in the carrier frequency of the transmitted sig-
nal and cause problemsin correctly detecting information
modulated on such carrier frequencies, in particular in
systems where different carrier frequencies are transmit-
ted via one channel.

[0022] The second embodiment of the laser device as
shown in Figure 3 overcomes said problem by embody-
ing the laser light source 130 as a dual power consuming
unit comprising an active laser light source element 130'-
1, for outputting the switched laser light beam as first
power consuming element and a second power consum-
ing element 130’-2. Those elements preferably have
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identical electrical parameters and identical thermal loss-
es and both are thermally coupled. They are preferably
embodied on one chip.

[0023] For driving such a laser light source 130’ the
laser driver 120’ is embodied as differential driver for driv-
ing both power consuming elements 130’-1, 130’-2 in a
complementary manner such that the sum of their driving
currents is constant in the range of the thermal time con-
stant of said dual power consuming unit. Preferably, the
second power consuming element 130’-2 is embodied
as blind laser light source element. Contrary to the active
laser light source element, the blind laser light source
element does not output a laser light beam but just rep-
resents a complementary power consuming element.
[0024] Embodying the laser light source 130’ in such
a manner and driving said laser light source in the de-
scribed complementary manner has the advantage, that
the power consumption and thus also the thermal expan-
sion of the laser light source embodied as dual power
consuming unit as a whole does not vary over the time,
even if the active laser light source element 130-1 is
switched on and off in response to the envelope signal.
The fluctuations of the thermal expansion of said active
laser light source element are at least substantially com-
pensated by the complementary fluctuations of the ther-
mal expansion of the second power consuming element
130’-2. Consequently, the wavelength of the laser light
beam output by said active laser light source element
130'-1 is constant over the time, even when the laser
light source element is switched in response to the en-
velope signal.

[0025] In said second embodiment the packet data
source 110, the filter means 112’ and the switching
means 114’ have the same functions as described above
by referring to Figure 1; however they have been adapted
to the requirements of the differential driver 120'.
[0026] Even without embodying the laser light source
130 as a dual power consuming unit, the described dis-
advantage of the thermal fluctuations of the laser light
source may be weakened or avoided by improving a cou-
pling between the laser light source and a thermistor,
which is nowadays provided within available laser devic-
es for carrying out atemperature controlling. Another way
to weaken or avoid the described disadvantage would
be to reduce the thermal capacity of a Peltier cooler also
provided within available laser devices. Anotherimprove-
ment can be reached by a forward coupling of the enve-
lope signal to the Peltier cooler setpoint. Each of the
methods proposed as third embodiment may - taken
alone or in combination - help to avoid that the traffic
dependent thermal fluctuations and the resulting fluctu-
ations in the wavelength are in the worst case on the limit
of one grid spacing, that means the minimum difference
between two wavelengths of two adjacent channels as
defined by the international telecommunication unit ITU.
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Third embodiment

[0027] In the prior art laser devices for optical packet
data transmission in dense wavelength division multiplex
DWDM-systems are known. They typically comprise a
laser light source 130’ for outputting a laser light beam,
for example onto an optical fiber 160, see Figure 4. They
further comprise a laser driver 120’ for driving said laser
light source 130’ and a packet data source 110’ for out-
putting a packet data stream, whereinthe laser light beam
output by said laser light source 130’-1 is directly modu-
lated in response to said packet data stream. Said known
laser devices suffer from the variation of the wavelength
of the laser light beam caused by fluctuations of the ther-
mal expansion of the laser light source as described
above by referring to the second embodiment.

[0028] Inordertoovercome said disadvantageitis pro-
posed to embody the laser light source of said laser de-
vice as a dual power consumption unit, preferably on one
chip, see Figure 4. Said power consuming unit 130’ com-
prises an active light source element 130’-1 for outputting
the modulating laser light beam as first power consuming
element 130’-1 and a second power consuming element
130’-2 wherein both elements have identical electrical
parameters and thermal losses and both are thermally
coupled. Further, the laser driver 120’ of the laser device
100, is embodied as a differential driver for driving both
elements 130-1, 130’-2 in a complementary manner
such that the sum of their driving currents is constant in
the range of the thermal time constant of said dual power
consuming unit 130'. Preferably, the second power con-
suming element 130’-2 is embodied as blind laser source
element.

[0029] Figure 5 shows an optical transmitter 200, 200’
in a TDM-system, in particular in a DWDM-system, com-
prising a laser device 130 or 130’ as described above for
outputting a laser light beam being modulated in re-
sponse to a packet data stream onto an optical fiber 160.

Claims

1. Laser device (100) for optical packet data transmis-
sion in TDM-systems, comprising:

- a laser light source (130) for outputting laser
light beam and a laser driver (120) for driving
said laser light source (130);

- a packet data source (110) for outputting a
packet data stream; wherein the packet data
source comprises:

- filter means (112) for generating an envelope
signal of the data packets (dp) in said packet
data stream; and

- switching means (114) for switching the laser
driver (120) in response to said envelope signal.

characterized in that the laser device (100) further
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comprises:

- an optical modulator means (140) for receiving
and modulating the laser light beam output by
said laser light source (130);

- a modulator driver (150) for receiving said
packet data stream output by said packet data
source (110) and for driving said optical modu-
lator means (140) in response to said packet
data stream resulting in that the optical modu-
lator means (140) modulates the laser light
beam in response to said packet data stream.

2. Laser device (100) according to claim 1, character-
ized in that the packet data stream comprises filler
patterns (fp) between its data packets (dp).

3. Laser device (100) according to claim 1 or 2
characterized in that

- the laser light source (130’) is embodied as a
dual power consuming unit comprising an active
laser light source element (130'-1) for outputting
the switched laser light beam as first power con-
suming elementand a second power consuming
element (130’-2), wherein both power consum-
ing elements (130’-1, 130’-2) have identical
electrical parameters and thermal losses and
both power consuming elements (130’-1, 130'-
2) are thermally coupled; and

- the laser driver (120’) is embodied as a differ-
ential driver for driving both power consuming
elements (130’-1, 130’-2) in a complementary
manner such that the sum of their driving cur-
rents is constant in the range of the thermal time
constant of said dual power consuming unit.

4. Laser device (100) according to claim 3, character-
ized in that the second power consuming element
(130-2) is embodied as a blind laser light source
element.

5. Laser device (100) according to any one of claims 1
to 4, characterized in that the laser device (100) is
comprised in an optical transmitter (200) in a TDM-
system in particular in a DWDM-system.

Patentanspriiche

1. Laservorrichtung (100) fur die optische Paketdaten-
Ubertragung in TDM-Systemen, die Folgendes um-
fasst:

- eine Laserlichtquelle (130) zur Ausgabe eines
Laserlichtstrahls und einen Lasertreiber (120)
zum Steuern dieser Laserlichtquelle (130);

- eine Paketdatenquelle (110) zur Ausgabe ei-
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nes Paketdatenstroms, wobei die Paketdaten-
quelle Folgendes umfasst:

- Filtermittel (112) zum Erzeugen eines Grup-
pensignals der Datenpakete (dp) in diesem Pa-
ketdatenstrom; und

- Umschaltmittel (114) zum Umschalten des La-
sertreibers (120) als Reaktion auf dieses Grup-
pensignal,

dadurch gekennzeichnet, dass die Laservorrich-
tung (100) des Weiteren Folgendes umfasst:

- optische Modulatormittel (140) zum Empfan-
gen und Modulieren des Laserlichtstrahls, der
von dieser Laserlichtquelle (130) ausgegeben
wird;

- einen Modulatortreiber (150) zum Empfangen
des Paketdatenstroms, der durch diese Paket-
datenquelle (110) ausgegeben wird und zur
Steuerung dieser optischen Modulatormittel
(140) als Reaktion auf diesen Paketdatenstrom,
was dazu fuhrt, dass die optischen Modulator-
mittel (140) den Laserlichtstrahl als Reaktion auf
diesen Paketdatenstrom modulieren.

Laservorrichtung (100) gemafl Anspruch 1, da-
durch gekennzeichnet, dass der Paketdatenstrom
Fullmuster (fp) zwischen seinen Datenpaketen (dp)
umfasst.

Laservorrichtung (100) gemaR Anspruch 1 oder 2,
dadurch gekennzeichnet, dass:

- die Laserlichtquelle (130’) als Einheit mit dua-
lem Energieverbrauch ausgefihrt ist, die ein
Lichtquellenelement (130’-1) mit aktivem Laser
zur Ausgabe des umgeschalteten Laserlicht-
strahls als erstes Energieverbrauchselement
umfasst und ein zweites Energieverbrauchsele-
ment (130’-2), wobei beide Energieverbrauchs-
elemente (130'-1, 130’-2) identische elektrische
Parameter und thermische Verluste aufweisen
und beide Energieverbrauchselemente (130'-1,
130'-2) thermisch miteinander gekoppelt sind;
und

- der Lasertreiber (120’) als Differenzialtreiber
zur Steuerung beider Energieverbrauchsele-
mente (130’-1, 130’-2) in komplementarer Wei-
se ausgefihrtist, so dass die Summe ihrer Trei-
berstrome im Bereich der thermischen Zeitkon-
stante dieser dualen Energieverbrauchseinheit
konstant ist.

Laservorrichtung (100) gemaRl Anspruch 3, da-
durch gekennzeichnet, dass das zweite Energie-
verbrauchselement (130’-2) als blindes Laserlicht-
guellenelement ausgefihrt ist.
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5.

Laservorrichtung (100) gemaf einem der Anspriiche
1 bis 4, dadurch gekennzeichnet, dass die Laser-
vorrichtung (100) in einem optischen Sender (200)
in einem System, insbesondere in einem DWDM-
System, enthalten ist.

Revendications

1.

Dispositif laser (100) pour la transmission optique
de paquets de données dans les systémes TDM,
comprenant :

une source de lumiére laser (130) destinée a
émettre un faisceau de lumiére laser, etun pilote
laser (120) destiné a commander ladite source
de lumiére laser (130);

une source de paquets de données (110) des-
tinée a émettre un flux de paquets de données,
dans lequel la source de paquets de données
comprend :

unmoyen defiltrage (112) destiné agénérer
un signal d’enveloppe des paqguets de don-
nées (dp) dans ledit flux de paquets de
données ;

un moyen de commutation (114) destiné a
commuter le pilote laser (120) en réponse
audit signal d’enveloppe,

caractérisé en ce que le dispositif laser (100) com-
prend en outre :

un moyen de modulation optique (140) destiné
a recevoir et moduler le faisceau de lumiére la-
ser émis par ladite source de lumiére laser
(130) ;

un pilote de modulateur (150) destiné a recevoir
ledit flux de paquets de données émis par ladite
source de paquets de données (110) et a com-
mander ledit moyen de modulation optique
(140) en réponse audit flux de paquets de don-
nées, résultant en ce que le moyen de modu-
lation optique (140) module le faisceau de lu-
miére laser en réponse audit flux de paquets de
données.

Dispositif laser (100) selon la revendication 1, ca-
ractérisé en ce que le flux de paquets de données
comprend des motifs de complément (fp) entre ses
paquets de données (dp).

Dispositif laser (100) selon la revendication 1 ou 2,
caractérisé en ce que la source de lumiére laser
(130’) est réalisée sous forme d'unité double a dé-
pense d’énergie comprenant un élément actif de
source de lumiére laser (130’-1) destiné a émettre
le faisceau de lumiére laser commuté comme pre-
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mier élément a dépense d'énergie et un second élé-
ment & haute dépense d’énergie (130’-2), dans le-
quel les deux éléments a dépense d’énergie (130'-
1, 130'-2) présentent des parametres électriques et
des pertes thermiques identiques et les deux élé-
ments adépense d'énergie (130’-1, 130’-2) sont cou-
plés thermiquement ; et le pilote laser (120’) est réa-
lisé sous forme de pilote différentiel afin de comman-
der les deux éléments a dépense d’énergie (130-1,
130’-2) de maniére complémentaire de facon que la
somme de leurs courants d’attaque soit constante
dans la plage de l'inertie thermique de ladite unité
double a dépense d’énergie.

Dispositif laser (100) selon la revendication 3, ca-
ractérisé en ce que le second élément a dépense
d’énergie (130-2) est réalisé sous forme d’élément
aveugle de source de lumiere.

Dispositif laser (100) selon I'une quelconque des re-
vendications 1 a 4, caractérisé en ce que le dispo-
sitiflaser (100) est compris dans un émetteur optique
(200) dans un systeme TDM, en particulier un sys-
teme DWDM.
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